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Abstract. L’influenza dell’ordine dell’ossigeno nel piano basale Cu(1)O
x
 sulle proprietà
del superconduttore YBa2Cu3O6+x viene investigata in maniera comparativa in coppie
di campioni equalizzate in ossigeno (coppie k) ottenute per mezzo di una tecnica
topotattica recentemente introdotta dagli Autori. Questa strategia, che si è rivelata
innovativa rispetto alle convenzionali tecniche di preparazione di campioni singoli,
permette di ottenere nuove informazioni sulla regione transiente del diagramma di fase,
caratterizzata dalla scomparsa del comportamento semiconduttore antiferromagnetico
(SAF) e la comparsa della superconduttività (SC).
INTRODUCTION
It is well known [1] that the distinctive structural unit in the perovskite structure of
YBa2Cu3O6+x are the supercurrent-carrying Cu(2)O2 planes with defined oxygen content and
one-dimensional Cu(1)O
x
 chains in the basal plane with the role of charge reservoir. Chains
and planes interconnected by two apical oxygen must be viewed as a single interacting
electronic system represented by the cluster Cu3O6+x, whose structure and electronic
properties are governed by the overall oxygen content x and its ordering configuration.
(*) Dip. Fisica, Università degli Studi di Cagliari, Cittadella Universitaria, Monserrato (CA).
(**) Deceduto il 25 gennaio 2001.
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Evidence for connection between oxygen ordering in the Cu(1)O
x
 chains and hole
doping in the Cu(2)O2 planes can be found in the so-called «plateau» and «aging effects»
considered typical structure-related superconducting phenomena [2, 3]. Defined oxygen
content in the Cu(1)O
x
 subsystem gives rise at low-temperature to two defined chain
fragment distributions. The …-full-empty-… and …full-full-empty… chain sequences
along the a direction are typical of the 2a × b × c and 3a × b × c supercells of the OII and
OIII structures for the ideal oxygen content x = 1/2 and x = 2/3 [4].
The great variety of superstructures observed and theoretically modelled and theoreti-
cally modelled has raised the question of the existence, for each oxygen ordering scheme,
of a characteristic Tc of its own [5]. However, as stressed by SHAKED et al. [6]
experiments that unambiguously prove this hypothesis are difficult or impossible as a
result of the difficulty of stabilising an entire sample in a particular ordered state an
comparing such samples with those with the same oxygen content but no ordering.
We have recently developed a topotactic-like technique [11] which allows us to
overcome these difficulties by processing and comparatively investigating pair samples
with the same oxygen content and thermal history, but with different degrees of oxygen
ordering in the Cu(1)O
x
 subsystem. In this way we are able to separate the contribution
of the oxygen content and ordering.
EXPERIMENT
In the k-pairs processing a number of polycrystalline fully oxygenated OI reference
samples are prepared by the conventional solid state sinter-process, as rectangular shaped
bars of standard planar dimension of 3 × 2 × 14) mm3 and weight about 0.5 g.
By varying the m/n ratio a wide range of equalised stoichiometry k can be explored.
This is a typical topotactic procedure allowing the obtaining of deintercalated [D] and
intercalated [I] pairs samples (k-pairs) are then order-stabilised at composition-depend-
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ent temperatures Ts within the thermal stability domain of existence of OII and OIII
superstructures [8, 9, 10].
The k-pairs under investigation were prepared by thermal equilibration of OI/T
samples at Te = 670 °C for 1 day, slow cooling at 0.2 °C/min to Ts = 75 °C followed by
order stabilization at this temperature for 3 days and final cooling (0.2 °C/min) to room
temperature. The composition range 0.28 ≤ k ≤ 0.32 has been explored and the pairs were
comparatively characterized by resistive ρ(T) electron diffraction (ED) and NQR studies.
The resistive Tc measurements were carried out in AC by the standard four-probe
method with a current of 33 Hz frequency and a resolution 3.10-8 Θ · cm. The ρ(T) curves
and the value of Tc were obtained at a current density of 0.02 A/cm2. The temperature was
determined with an accuracy of 0.1 K.
ED investigations was performed by using a Philips CM 300 transmission electron
microscopy operating at 300 KV. The probes have been prepared by mild grinding of the
powdered samples and depositing fine particle suspended in isopropilic alcohol on a
copper grid. ED [001] patterns have been recorde for several grains of the same sample
in order to assure an adequate statistic to the observation.
RESULTS AND DISCUSSION
Displayed in Fig. 1 are the evolution of the ρ(T) curves (A) and the representative
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densitometer traces of an ensemble of ED patterns (B) recorded independently on several
fragments of three typical samples. Panels 1 show the transport (A1) and structural (B1)
characteristics of the k = 0.28 samples. Resistivity is thermally activated and only
tetragonal peaks show up in the diffraction pattern. Both [I] and [D] are therefore
characteristic of a non-superconducting tetragonal phase, for which k = 0.28 defines the
upper limit of existence in both samples. Panels 4 likewise show the corresponding lower
limit (k = 0.32) for the existence of a partially OII-ordered superconducting phase. Note
the diffuse (1/2,0,0) peak in diffraction patterns B4, corresponding to the OII superstruc-
ture, and the coincidence of Tc in the [D] and [I] curves A4. The situation is totally different
in k = 0.30 pairs, which display a phase separation. Resistivity is shown in panels A2 and
A3. The [D] sample is insulating, but its curve (A2) displays a kink precisely at the same
temperature where the corresponding [I] sample shows (A3) the onset of the SC transition,
which percolates the bar. [D] grains invariably show the two kinds of patterns displayed
in panel B2: most of them tetragonal (solid line A2) and a minority fraction OII (dotted line
A2) characterized by very diffuse spots. A similar separation is observed for the [I]
Figure 1. Resistivity vs.
temperature (A) and
representative densi-
tometer traces of ED
patterns along the a*
direction of the reci-
procal lattice (B) for
[D]k and [I]k. Panels 1
and 4: data from k =
0.28 and k = 0.32 pairs
respetively; panels 2
and 3: [D] and [I] sam-
ples, respectively, of a
k = 0.30 pair.
OXYGEN-ORDERING RELATED PHENOMENA IN OXYGEN-EQUALIZED… 119
samples: most grains are characterized by diffuse OII superstructure spots (solid line A3)
or by diffuse (dotted line A3) extra peaks at (h/3,0,0), whereas only few are tetragonal.
We believe that the systematically observed (h/3,0,0)-type spots in the sample around
the ideal composition x ≈ 1/3 result from domains of an orthorhombic anti-III (OIII*)
structure characterized by an ideal …-empty-empty-full-… periodic arrangement of
chains along the a direction, which gives rise to a tripling of the a axis. After long-term
(one year) aging of [I]0.30 samples at room temperature the (h/3,0,0) spots disappear, the
original two-phase state (OII + OIII*) stabilizes in the OII single-phase state and the
resistive SC transition broadens considerably. The OIII* ordering appears to be a
metastable precursor in the emergence of OII ordering in the [I]0.30 SC samples.
The SAF-SC transient region is structurally characterised by the coexistence of
distinct domains in the same sample indicating that the T-OII phase transition in the
[D]0.30-[I]0.30 pair occurs through a two-phase equilibrium.
The thermal coincidence between the Tc onset in [I]0.30 and the resistive kink in [D]0.30
shows that electronic and structural phases are strictly related in YBa2Cu3O6+x and directly
observable in k-pairs.
A synthetic picture of the low-temperature domain of the existence of T, OII, OIII
and OI structures and of the location of their phase separation, as deduced from k-pairs
investigation [3], is given below [12]. The phase separation give rise to the Tc-splitting
phenomenon directly observed in k-pairs, whose ∆Tc may be related to the different
contributions of hole doping in the Cu(2)O2 planes coming from the oxygen ordering in
the Cu(1)O
x
 chains.
Tc-singularity can be observed at k-values where the OII (k = 0.50, k = 0.58) and the
OIII (k = 0.67) were systematically found in ED superstructure reflections. The
Tc-splitting and singularity are typical phenomena of intrinsic nature respectively
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associated with non-equivalent (splitting) and equivalent (singularity) hole contribution
to Cu(2)O2 planes from non-equivalent and equivalent oxygen order configuration in the
Cu(1)O
x
 subsystem
CONCLUSIONS
Up to now such phenomena have been veiled or investigated with a restrictive view,
not only because of the difficulty to processing samples at equal oxygen content and
stabilised in a particular ordered state but principally by the fact that it is impossible in
principle to investigate them through the analysis of single samples. The shifts of the
experimental problem from the Tc(x) to the Tc(k) plane by the k-pairs strategy afford us
to look in a more extensive vision of the ordering related phenomena in YBa2Cu3O6+x [12,
13, 14].
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